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Abstract— Heat exchangers have several industrial and engineering applications. The design procedure of heat exchangers is quite 
complicated, as it needs exact analysis of heat transfer rate and pressure drop estimations apart from issues such as long-term 
performance and the economic aspect of the equipment. Whenever inserts are used for the heat transfer enhancement, along with the 
increase in the heat transfer rate, the pressure drop also increases. This increase in pressure drop increases the pumping cost. Therefore 
any augmentation device should optimize between the benefits due to the increased heat transfer coefficient and the higher cost 
involved because of the increased frictional losses. 
           Experimental work on heat transfer augmentation using annular blockages. Inserts when placed in the path of the flow of the 
fluid, create a high degree of turbulence resulting in an increase in the heat transfer rate and the pressure drop. The work includes the 
determination of friction factor and heat transfer coefficient for various annular blockages and annular blockages having different 
diameter. The results of annular blockages having different diameter have been compared with the values for the plain tube. Four 
annular blockages (di=20%, 30%, 40% & 50% reduction in outer diameter) are used in the study. 
Keywords— Annular Blockages, heat transfer augmentation, forced convection, heat exchangers, passive techniques, heat transfer 
enhancement technique, inserts. 
INTRODUCTION 
Heat exchangers have several industrial and engineering applications. The design procedure of heat exchangers is quite complicated, 
as it needs exact analysis of heat transfer rate and pressure drop estimations apart from issues such as long-term performance and the 
economic aspect of the equipment. [1] The major challenge in designing a heat exchanger is to make the equipment compact and 
achieve a high heat transfer rate using minimum pumping power. [1, 5]Techniques for heat transfer augmentation are relevant to 
several engineering applications. In recent years, the high cost of energy and material has resulted in an increased effort aimed at 
producing more efficient heat exchange equipment. Furthermore, sometimes there is a need for miniaturization of a heat exchanger in 
specific applications, such as space application, through an augmentation of heat transfer. For example, a heat exchanger for an ocean 
thermal energy conversion (OTEC) plant requires a heat transfer surface area of the order of 10000 m2/MW. [5] Therefore, an 
increase in the efficiency of the heat exchanger through an augmentation technique may result in a considerable saving in the material 
cost.[2] Furthermore, as a heat exchanger becomes older, the resistance to heat transfer increases owing to fouling or scaling. These 
problems are more common for heat exchangers used in marine applications and in chemical industries. In some specific applications, 
such as heat exchangers dealing with fluids of low thermal conductivity (gases and oils) and desalination plants, there is a need to 
increase the heat transfer rate. The heat transfer rate can be improved by introducing a disturbance in the fluid flow (breaking the 
viscous and thermal boundary layers), but in the process pumping power may increase significantly and ultimately the pumping cost 
becomes high. Therefore, to achieve a desired heat transfer rate in an existing heat exchanger at an economic pumping power, several 
techniques have been proposed in recent years. 
1.1 Heat Transfer Augmentation Techniques: 
The study of improved heat transfer performance is referred to as heat transfer enhancement, augmentation, or intensification. In 
general, this means an increase in heat transfer coefficient. [2, 4] 
The heat transfer can be increased by the following different Augmentation Techniques. They are broadly classified into three 
different categories:  
i. Passive Technique 
These techniques generally use surface or geometrical modifications to the flow channel by incorporating inserts or additional 
devices. They promote higher heat transfer coefficients by disturbing or altering the existing flow behavior (except for extended 
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surfaces) which also leads to increase in the pressure drop. In case of extended surfaces, effective heat transfer area on the side of 
the extended surface is increased. Passive techniques hold the advantage over the active techniques as they do not require any 
direct input of external power. [16] 
ii. Active Techniques 
       These techniques are more complex from the use and design point of view as the method requires some external power input to 
cause the desired flow modification and improvement in the rate of heat transfer. It finds limited application because of the need of 
external power in many practical applications. In comparison to the passive techniques, these techniques have not shown much 
potential as it is difficult to provide external power input in many cases. [18]  
 
 
iii. Compound Techniques. 
A compound augmentation technique is the one where more than one of the above mentioned techniques is used in combination with 
the purpose of further improving the thermo-hydraulic performance of a heat exchanger. [4] 
 
EXPERIMENTAL DETAILS 
Experimental Set-up   
                 An experimental set-up has been designed and fabricated to study the effect of annular blockages on heat transfer and fluid 
flow characteristics in circular pipe. A schematic diagram of the experimental set-up is shown in Figure 2.1 
 
 
Fig.1Experimental Set up 
 
Fig.2. Annular Blockages 
The test apparatus is an open air flow loop that consists of a centrifugal blower (1), flow control valve (2), orifice meter along with 
water manometer to measure mass flow rate of air (3), test section 0.5m length, 25mm diameter, L1=0.1m (4), Annular blockages 
(material aluminum) having thickness 3mm, outer diameter 25mm & inner diameter with 20%,30%,40% & 40% reduction in outer 
diameter.(5),  Band heater nicrome wire with GI gladding encloses the test section to a length 0.5m to cause electric heating (6), 
pressure sensor digital(7), Temp. Indicator digital (8), 10 thermocouples T2, T3, T4, T5, T6, T7, T8, T9 (0 to 200ºC) calibrated are 
embedded on the walls of the test tube and T1 and T10 are placed in air stream (10),one at the entrance and the other at the exit of test 
section to measure the temperature of flowing air. The types of thermocouples used are copper constant. The control panel consists of 
dimmer state 2 amps& 0 to 200 volts (10), ammeter digital 0 to 2 amps (11), volt meter digital 0 to 200 volt (12), Temp. Indicator 
digital, and Selector switch. 
                 Difference in the levels of manometer fluid represents the variations in the flow rate of air. The velocity of air flowing in 
the tube is measured with the help of an orifice meter and the water manometer is fitted on the board. The pipe consists of a valve 
which controls the rate of air flow through it. The diameter of orifice is 12.5mm and coefficient of discharge was found as 0.65. 
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Pressure drop across test section is measured by connecting pressure tapings at each end of test section to digital pressure indicator. 
The outer surface of the test section was well insulated to minimize heat loss to surrounding. 
 
Fig.3. Experimental sets- up 
Fabrication of annular blockages 
                Aluminum bar of 25mm outer diameter is taken. Firstly all the values of diameter are determined i.e. diameter of 20%, 30%, 
40% and 50% blockages. The bar which has outer diameter equal to pipe inner diameter is taken, the boring operation is performed. 
Boring is a process of producing circular internal profiles on a hole made by drilling or another process.  It uses single point cutting 
tool called a boring bar. The required diameter is achieved by boring operation. After boring operation the parting is done. Parting 
uses a blade-like cutting tool plunged directly into the work piece to cut off the work piece at a specific length. It is normally used to 
remove the finished end of a work piece from the bar stock that is clamped in the chuck. Total 10 numbers of blockages are prepared 
for each set. At the last the facing is done on the blockages. The surface of blockages is made very smooth. Following figure shows 
the different types of annular blockages. 
 
                                Fig. 4. 20% Annular Blockages                     Fig. 5. 30% Annular Blockages 
International Journal of Engineering Research and General Science Volume 3, Issue 3, May-June, 2015                                                                                   
ISSN 2091-2730 
1301                                                                                                   www.ijergs.org  
 
                         Fig.6. 40% Annular Blockages                            Fig.7. 50% Annular Blockages 
 Blockages Insert arrangement: 
        The screw arrangement is done on the test section for inserting annular blockages. The two sets of screw are provided for holding the 
blockage. Therefore such 10 sets are inserted in the test section. The following fig shows the arrangement for the inserts.   
 
           Fig.8. Test section pipe with arrangement for inserting annular blockages                                  Fig.9. Insert blockage in pipe. 
Experimental procedure 
1. The test section is assembled in test bracket and checked for air leakage.  
2. The blower was switched on to let a predetermined rate of airflow through the pipe.  
3. Initially the experiment was carried out for plain tube. The experiment were carried out for different insert such as annular 
blockages which having inner diameter with 20%, 30%, 40% & 50% reduction in outer diameter. 
4. A constant heat flux is applied to the test section.  
5. The changes in temperature are determined with the help of thermocouples placed on it. 
6.  Four values of flow rates were used for each set at same or fixed uniform heat flux.  
7. At each value of flow rate and the corresponding heat flux, system was allowed to attain a steady state before the temperature 
data were recorded.  
8. The pressure drops were measured when steady state is reached. 
During experimentation the following parameters were measured: 
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I) Pressure difference across the orifice meter. 
ii) Temperature of the heated surface and temperatures of air at inlet and outlet of the test section and 
iii) Pressure drop across the test section. 
Data Reduction   
i. Average temperature of tube wall 
   
                       
 
 
ii. Bulk temperature of air 
   
      
 
 
Properties of air were taken from the air table corresponding to above bulk temperature of air  
 Density of air (ρa) 
 Specific heat of air (Cp) 
 Kinematic viscosity of air (υ) 
 Prandtl no. (Pr) 
 Thermal conductivity (k) 
 
iii. Area 
a) Convective heat transfer area (A) 
A=πDiL 
b) Area of orifice (ao) 
   
 
 
     
c) Test section inner tube area (Ai) 
 
   
 
 
     
iv. Equivalent height of air column 
   
     
  
 
 
 
 
v. Mass flow rate of air 
        
     √    
√    
 
Where, 
             Cd = Coefficient of discharge for orifice 
             ao = Cross sectional area of orifice 
             β = d/D, diameter of pipe/ diameter of orifice 
             g = Acceleration due to gravity 
            ha = Height of air column  
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vi. Discharge of air through test section  
  
 
  
 
vii. Convective heat transferred to air  
       (      ) 
 Where, 
            T10 = Fluid temperature at the exit of the duct (°C) 
            T1= Fluid temperature at the inlet of the duct (°C) 
             m = Mass flow rate of air 
             Cp = Specific heat of air 
              Q = Convective heat transfer to air 
 
viii. Convective heat transfer coefficient 
  
 
  (     )
 
Where, 
Ts is the average temperature of the test surface 
Tb is the bulk temperature of air in the duct = T1 + T10 /2 
A is projected surface area of test surface 
h is convective heat transfer coefficient 
 
ix. Velocity of air  
  
 
  
 
x. Reynolds Number  
   
    
 
 
xi. Experimental Nusselt no. is calculated by  
   
    
 
 
xii. Nusselt no. by Dittus – Boelter equation is given by  
                     
xiii. Friction factor  
     
     
            
  
xiv. Theoretical friction factor for plain tube  
                   
 
xv. Overall enhancement ratio 
  
   
  
(
    
    )
 
 
 
 
RESULTS AND DISCUSSION 
Using the data obtained from experiments, the heat transfer, friction factor and the thermal performance characteristics of annular 
blockages are discussed in the following subsections. [6] 
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Effect of Inserts on Heat transfer 
 
Fig 10 Comparison of Experimental Nusselt No. Vs Reynolds No. for 30 W Input 
                   Baseline Nusselt numbers are in a smooth circular test section with smooth walls on all surfaces and no blockages. 
Baseline Nusselt numbers Nu are used to normalize values of measured Nusselt numbers on blockage surface. The baseline Nusselt 
numbers obtained from experiment are compared with Ditus-Boelter correlation which is given by 
                     
Fig. 10 shows the variation of Nusselt number with Reynolds number for all types of blockages in comparison with plain tube for 
30W, 60W, 90W and 120W input. Nusselt number increases with increase in Reynolds no. The highest value of Nusselt number is 
52.83 for 30% Blockages at Reynolds number 14579. As shown in these figures, the local Nusselt number decreases with axial 
position along the flow direction and the decrease in the Reynolds number, also that the local Nusselt number increases with the 
increase of the heat flux. It is evident from Figure 10 shows that when annular blockages are inserted into a plain tube there is a 
significant improvement in Nusselt number because of secondary flow, with greater enhancement being realized at higher Reynolds 
numbers and lower diameter of blockages. In general, some kind of inserts is placed in the flow passage to augment the heat transfer 
rate, and this reduces the hydraulic diameter of the flow passage. Heat transfer enhancement in a tube flow by inserts such as annular 
blockages is mainly due to flow blockage, partitioning of the flow and secondary flow. Flow blockage increases the pressure drop and 
leads to increased viscous effects because of a reduced free flow area. Blockage also increases the flow velocity and in some situations 
leads to a significant secondary flow. Secondary flow further provides a better thermal contact between the surface and the fluid 
because secondary flow creates swirl and the resulting mixing of fluid improves the temperature gradient, which ultimately leads to a 
high heat transfer coefficient. For annular blockages it was observed that the heat transfer coefficient could vary from 30% to 48% 
times the plain tube value but the corresponding friction factor increases by 4 to 9.6 times the smooth tube values. 
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Fig.11 Normalized Nusselt number ratio Vs Reynolds number for different annular blockages for 30W Input  
Effect of Insert on Friction Factor 
 
Fig. 12 Comparison of Experimental Friction Factor Vs Reynolds Number  
                           Friction factor is a measure of the pressure losses in a system to the kinetic energy of the fluid. In the present work, 
the pressure losses include losses due to friction and due to drag force exerted by obstacles. Fig.6.9 shows the variation friction factor 
with Reynolds number for tube fitted with different annular blockages. It is noticed that the increase in Reynolds number leads to 
decrease in the friction factor, because the friction factor is proportional with pressure drop and inversely proportional to the square 
root of flow speed. These figures also indicate that the larger the diameter for annular blockages causes higher – pressure drop because 
each increase in the width and changing the configuration of annular blockages means increase in the size of obstacles and hence the 
pressure drop also increases.  
Effect of insert on Overall Enhancement ratio 
                           Overall enhancement ratio is defined as the ratio of heat transfer enhancement ratio to the friction factor ratio. This 
parameter is used to differentiate passive technique and a comparison of different configurations for the technique itself. The overall 
enhancement ratio is defined as  
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(
    
    )
 
 
 
 
 
Fig. 13 Variation of Overall enhancement ratio with Reynolds number for 30W Input 
Thermal performance shown in fig 13 it was seen that in comparison with plain tube, the inserts is giving best thermo hydraulic 
performance for the studied range of Reynolds number. This overall enhancement ratio is used to determine the quality of 
enhancement technique. The highest value of overall enhancement ratio is 1.15 with 20% blockage. Also the enhancement ratio 
decrease for 40% and 50 % blockages.  
CONCLUSION 
An experimental study of the flow of air in a circular channel with annular blockage, subjected to uniform heat flux boundary 
condition has been performed. The effect of Reynolds number and annular blockage diameter on the heat transfer coefficient and 
friction factor has been studied. Experimental results measured with annular blockage in test surfaces, with different diameter of 
annular blockages are given for Reynolds numbers from 6000 to11000.  
Following conclusions have been drawn: 
1. With increases in Reynolds number Nusselt number and friction factor also increases. 
2. The heat transfer enhancement can be achieved up to 30% blockages, further decrease in inner diameter of annular blockage 
can results in decreases in heat transfer and increase in friction factor. 
3. Overall enhancement ratio is increases with inserting annular blockages. 
 
REFERENCES: 
[1] S. Kakac, A.E. Bergles, F. Mayinger and H. Yuncu ―Heat Transfer Enhancement of Heat Exchangers‖ ISBN 978-90-481-5190-5 
DOI 10.1007/978-94-015-9159-1. 
[2] Kreith F., Timmerhaus K., Lior N., Shaw H., Shah R.K., Bell K. J.,etal..―Applications.‖ The CRC Handbook of Thermal 
Engineering. Ed. Frank Kreith. Arthur E. Bergles. Boca Raton: CRC Press LLC, 2000, 408-457. 
[3] Suhas V. Patil and P. V.Vijay Babu ―Heat Transfer Augmentation in a Circular tube and Square duct Fitted with Swirl Flow 
Generators: A Review‖ International Journal of Chemical Engineering and Applications, Vol. 2 , No. 5 , October 2011 
[4]  Dr. Anirudh Gupta, Mayank Uniyal ―Review of Heat Transfer Augmentation through Different Passive Intensifier Methods‖ 
IOSR Journal of Mechanical and Civil Engineering (IOSRJMCE) ISSN: 2278-1684 Volume 1, Issue 4 (July-Aug 2012), PP 14-
21. 
[5] A Dewan, P Mahanta, K Sumithra Raju & P Suresh Kumar, ―Review of passive heat transfer augmentation techniques‖, 
Proc.Instn Mech.Engrs.Vol.218 Part A: J Power & Energy, (2004), 509-527. 
0
0.2
0.4
0.6
0.8
1
1.2
1.4
0 5000 10000 15000
O
v
er
a
ll
 E
n
h
a
n
ce
m
en
t 
R
a
ti
o
 
Reynolds No. 
For Input 30W 
Plain Tub
20% Blockages
30% Blockages
40% Blockages
50% Blockages
International Journal of Engineering Research and General Science Volume 3, Issue 3, May-June, 2015                                                                                   
ISSN 2091-2730 
1307                                                                                                   www.ijergs.org  
[6] Frank Kreith & Mark S. Bohn ―Principle of Heat Transfer,‖ Forced Convection Inside Tubes and Ducts. ISBN-13:978-81-315-
0038-5, 355-404. 
[7] Sandeep S. Kore, Satishchandra V. Joshi, Narayan K.Sane ―experimental investigations of heat transfer enhancement from 
dimpled surface in a channel‖ ISSN : 0975-5462 Vol. 3 No. 8 August 2011. 
[8] Mark E Steinke and Satish G. Kandlikar ―Review Of Single Phase Heat Transfer Enhancement Techniques For Application In 
Micro Channels, Mini Channels And Micro Devices‖ Heat and technology vol.22, 2004 
[9] Raj M. Manglik & Arthur E. Bergles ―Characterization Of Twisted-Tape-Induced Helical Swirl Flows For Enhancement Of 
Forced Convective Heat Transfer In Single-Phase And Two-Phase Flows‖  Fellow ASME Thermal-Fluids & Thermal Processing 
Laboratory, June 2013, vol. 5. 
[10] Giovanni Tanda and Roberto Abram ―Forced Convection Heat Transfer in Channels with Rib Tabulators Inclined at 45 deg‖ 
Journal of Turbo machinery fellow ASME, APRIL 2009, Vol. 131 / 021012- 1 to 10 
[11] Jozef Cernecky, Jan Koniar and Zuzana Brodnianska ―The Effect of Heat Transfer Area Roughness on Heat Transfer 
Enhancement by Forced Convection‖ Journal of Heat Transfer fellow ASME APRIL 2014, Vol. 136 / 041901-1 to 8 
[12] Bassam A/K Abu-Hijleh ―Enhanced Forced Convection Heat Transfer From a Cylinder Using Permeable Fins‖ Vol. 125, 
OCTOBER 2003 Copyright © 2003 by ASME, Transactions of the ASME. 
[13] Bogdan I. Pavel, Abdulmajeed A. Mohamad ―Experimental Investigation of the Potential of Metallic Porous Inserts in Enhancing 
Forced Convective Heat Transfer‖. Vol. 126, AUGUST 2004 Copyright © 2004 by ASME Transactions of the ASME. 
[14] Ronald S. Bunker, Katherine F. Donnellan ―Heat Transfer and Friction Factors for Flows Inside Circular Tubes With Concavity 
Surfaces‖ Vol. 125 Õ 665 – 672   Journal of Turbomachinery Copyright © 2003 by ASME OCTOBER 2003 
[15] Giovanni Tanda, Roberto Abram ―Forced Convection Heat Transfer in Channels With Rib Turbulators Inclined at 45 deg‖ 
Journal of Turbomachinery Copyright © 2009 by ASME APRIL 2009, Vol. 131 / 021012-1. 
[16] M. Udaya kumar, M. Manzoor Hussian, Md. Yousaf Ali  ―Review of Heat Transfer Enhancement Techniques in Square Ducts 
with Inserts‖ International Journal of Emerging Technology and Advanced Engineering ISSN 2250-2459, ISO 9001:2008 
Certified Journal, Volume 3, Issue 8, August 2013. 
[17] Ranjit Gouda (10400015) & Amit Bikram Das (10400023) ―Some Experimental Studies On Heat Transfer Augmentation For 
Flow Of Liquid Through Circular Tubes Using Twisted Angles And Tapes‖  
[18] A.Rahul kumar P.N.S Srinivas, ―Experimental Analysis of Heat Transfer Augmentation by Using Twisted Tapes of Different 
Twist Ratio as Flow Arrangement inside the Tubes‖ International Journal of Modern Engineering Research (IJMER) 
www.ijmer.com Vol.3, Issue.3, May-June. 2013 pp-1317-1323 ISSN: 2249-6645 
 
 
 
 
 
 
 
 
 
 
